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ABSTRACT

Theadventof largeformat(~100pixel) spectroscopicimagingcamerasatsubmillimeterwavelengthswould
fundamentallychangetheway in whichastronomyis performedin this importantwavelengthregime.While
thepossibilityof suchinstrumentshasbeendiscussedfor morethantwo decades(Gillespie& Philips1979),
only recentlyhaveadvancesin mixer technology, devicefabrication,micromachining,digital signalprocess-
ing, and telescopedesignmadethe constructionof suchan instrumentpossibleand economical.In our
paper, we will presentthedesignconceptfor a 10x10heterodynecameradesignedto operateat theprime
focusof oneof the8.4m mirrorsof theLargeBinocularTelescope,now underconstructiononMt. Graham,
Arizona.Thearraywill beoptimizedfor spectroscopicstudiesof galacticstarformationregionsin the350
micronatmosphericwindow. Eachpixel of thearraywill producean11” diffractionlimited beam.Thearray
field of view will be~3.7x 3.7arcminutes.Theuniqueopticalandmechanicaldesignof theLBT allowsthe
instrumentto be‘swung’ into placein a matterof minutes.Theinstrumentwill befully automatedwith all
100spectraavailableon line aftereachintegration.SuperCamcouldbereadyfor observationson theLBT
as early as fall 2003.

The ability to obtainimagesandspectrasimultaneouslyis key. In
oneday of operation,the proposedinstrumentwill be capableof
obtaining more high-resolutionspectrathan have ever beencol-
lected through the 350 micron atmosphericwindow. The array
technologydevelopedhereis directly scalableto other frequency
regions and hasimmediateapplicationsin remotesensingof the
Earthandits atmosphere,aswell asspace-basedcommunications
systems.

The 100 pixel superconducting/spectroscopiccamera(SuperCam)
will be designedto operateat the prime focusof oneof the 8.4 m
mirrors of the Large Binocular Telescope(LBT), currently under
constructionon Mt. Graham,Arizona. The array will be initially
optimized for spectroscopicstudies of Galactic star forming
regions.Eachpixel of thearraywill producean11 arcseconddif-
fractionlimited beam.Thearrayfield of view will be~3.7x 3.7arc
minutes.The‘footprint’ of thearrayon thestarformingcloudM16
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Figure 1: The array footprint of 
SuperCam at 4.7 THz and 2.0 THz
overlayed on the Horsehead Nebula.
Each circle represents one diffraction
limited beam (FWHM).



is shown in Figure1. The uniqueoptical andmechanicaldesignof the LBT allows the instrumentto be
‘swung’ into placein amatterof minutes.SuperCamcouldbereadyfor observationson theLBT asearlyas
fall, 2004.

The future location
of the array cryostat
on theLBT is shown
in Figure2. A blow-
up of the closed
cycle cryostat used
to cool the array is
illustrated in Figure
3. At the heart of
SuperCam is an
array of waveguide
mounted,Hot Elec-
tron Bolometer
(HEB) mixers (Fig-
ure 4). The
waveguidearraywill
be fabricatedwith a
custom,lasermicro-
machiningsystemat
the University of
Arizona. Due to the
small f/# at the LBT
prime focus (f/
1.142), the separa-
tion between indi-
vidual mixers is ~1
mm. The entire
mixer array will be
1.5 x 1.5 cm. Only
the feedhornsthem-
selves are neededto
efficiently couplethe
mixers to the pri-
mary mirror. The
arrayis wire bonded
to the central ‘hub’
of three thermally-
isolated, nested
framesthat form the
array motherboard.

Themixer arrayoperatesat a physicaltemperaturebetween1.5and4K. Theinnerframeis at 12K andcon-
tainsthefirst stageof IF amplification(~10dB) andthenecessarybiascircuitry. Thesecondframeis at60K
andhasan additional30 dB of IF amplification.The third frameis at 300K andcontains~60 dB moreIF
amplificationandis wheretheIF signalsareconnectedto coaxialcable.Beforethis point, theIF signalsare
conveyed from one stage to another via microstrip lines.

TheHEB is theidealmixing device for anarrayapplicationbecausethedevice is relatively easyto fabricate,
andrequiresno magneticfield. SISjunctionsoffer goodperformance,but arevery difficult to fabricatewith
thecloseto 100%yield we require.Sinceall devicesarefabricatedandmountedon a singlenitride mem-
brane,wecannotchooseandindividually mountthebestdevices.In addition,the15mmx 15mmsizeof the

1.5 cm

1.5 cm

Figure 2: SuperCam 
mounted on the SOFIA
telescope flange, with FIR
laser LO, correlator and 
control electronics

Figure 3: The SuperCam
3He cryostat, with 
"motherboard" based
electronics providing
cryogenic isolation.

Figure 4: The 91
pixel array of 
dual mode feedhorns

Figure 5: Cross section view of a single pixel. The array is 
composed of three main sections: the horn block, the bolometer
wafer and the backshort block.



mixer arraymakes it impossibleto provide a separatemagnetfor all 100 devices.A single,large magnet
couldbeused,but theresultingmagneticfield would not beoptimumfor all thedevices.Comparedto SIS
junctions,HEBsareeasyto fabricate,increasingtheyield for a givenrun. In addition,they requireno mag-
netic field. Currently, the performanceof HEBs is competitive with SIS junctionsat 810 GHz, andarethe
preferreddeviceabove1 THz. New technologies,like thelow Tc HEBsbeingdevelopedatYale,promiseto
outperformSIS junctionsat 800 GHz andabove (Siddiqi 2001).Figure5 shows the Yale Nb-Au bilayer
HEB device,bothasa schematicandasa SEM image.Supercamcouldbeconstructedwith morecommon
Nb HEBs,or couldbeusedwith low Tc deviceswith theadditionof a commerciallyavailable3Hestageto
the JT refrigerator.

Figure 6 is a detail of the
mixer block itself. The
mixer block is made of
eight layers, in three sub-
sections: the laser micro-
machinedhorn block, the
bolometerblock, with the
devices fabricated on
nitride membraneon a sili-
con frame, and a silicon
backshort block. All the
fabrication steps can be
done with laser microma-

chining,wetetching,thin film depositionande-beamevaporation.Thestructureis designedto beself-align-
ing to simplify assembly. The horn block consistsof linear arraysof lasermicromachinedfeedhorns,gold
plated and bondedtogetherin a 2-D array. The bondedarray is then laser micromachinedaroundthe
waveguidethroatsto createa PhotonicCrystalJunction(PCJ)to prevent leakageof field into thesubstrate
(Hesler2001).Thehornscouldbeeithercorrugateddualmodehorns,or smoothwalledPotterhorns.Potter
hornsareeasierto fabricate,but have a 10%bandwidthascomparedto the30%of a corrugatedhorn.Since
the10%bandwidthof thePotterhorncoverstheentire800GHz atmosphericwindow, thesewould besuit-
ablefor SuperCam.TheSuperCammixerdesigndoesprovidegoodperformancefrom ~750-1100GHz,soa
corrugatedhornwouldbenecessaryto cover theentireusablebandwidthof themixer. Dueto theverysmall
f/D of theprimary, a standardPotterhornor dualmodecorrugatedhorndesignhastoo directionala power
patternto yield a desirableedgetaper. HFSSmodelinghasshown that lesseningtheflareangleof thehorn
while holdingtheotherparametersconstantbroadensthebeamwithoutcompromisingthebeamshape.With
this modifiedhorndesign,it is possibleto matchthebeamto theprimarywith a 10-15dB edgetaper. The
bolometerblock is fabricatedfrom a silicon waferwith a silicon nitride membranedepositedon its top sur-
face.The devices are fabricatedon this robust wafer beforeetching.With the bolometercappedoff, the
wafer is thenwet etchedfrom the rear, creatinga pyramidalpocket for eachmixer, with a nitride window
carryingtheHEB. Thenitride membraneprovidestheetchstop.Thefinal componentis a backshortblock,
fabricatedfrom a silicon wafer. Pyramidalpillars thatmatchthecavities createdin thebackshortblock are
wet etchedusing photolithographictechniques.The waveguide backshortsare then lasermicromachined
into thetopsof thepyramidalpillars,alongwith PCJcrystals.Finally, theentirewaferis goldplated.A more
detailedoverview of themixer design,with detailedfull-wave electromagneticsimulationsof mixer perfor-
mance, can be found in these proceedings in a paper by J. Kooi.

Oncethesignalleavesthemixer block, thenext challengeis to build anIF chainwith suitableperformance
thatis alsocosteffective.Themotherboarddesignof SuperCamallows theuseof smallsurfacemountcom-
ponents.MMIC basedLNAs aresmall,andhave low power consumptionanddissipation,lendingthemto a
space-criticalcryogenicdesign.Many groupsareworking to develop high performanceMMIC ampsthat
would be useful for SuperCam.In addition, it is possibleto useinexpensive MMIC ampsdevelopedfor
communicationsapplications.Theseamplifiershave limited bandwidthcomparedwith custommadeMMIC
LNAs, but areextremelyinexpensive.This typeof MMIC is notdesignedto operatein acryogenicenviron-

Figure 6: A schematic representation of the Yale bilayer low Tc HEB device, and
a SEM image of a device fabricated using this concept.



ment,sotestingis necessaryto determineif theampwill survive thermalcycling, andwill operateat a low
temperaturewith suitableperformance.An exampleis theMaxim 2640LNA. This amphassurvivedmulti-
ple cryogeniccyclesto 77K by beingimmerseddirectly into a LN2 bath,andallowedto warmin theambi-
entatmospherewith noprotectionagainstwatercondensation.In addition,wemeasuredanoisetemperature
of 16K ata77K physicaltemperature.Figure7 shows theampmountedona testfixture thatwasusedin the
cryogenictests.Thesetestsleadus to believe that this ampcouldexhibit singledigit noisetemperaturesat
12K or 4K. Gainwasmeasuredto be12dB at77K. Sincetheamplifieris sosmallandinexpensive,multiple
devicescanbecascadedto generatetherequiredgain.Furthertestsarenecessary, but thisampis anexample
of may easily available communications components that could be used for the SuperCam IF chain.

TheLocalOscillator(LO) will beeitheranew generationhighpowersolidstateLO or anexisting far-infra-
red laser. The LO is injectedby shining it directly into the cryostatwindow via the tertiary mirror of the
LBT. Sincenodiplexer is needed,all theavailableLO power is availableto themixers.Also, theclosespac-
ing of themixersin the focal planerelative to thehornaperturegivesa focal planefilling factorof greater
than50%.This meansthatflood illumination of the focal planeis sufficient, negating theneedfor a phase
gratingor otherbeamforming system.To reducecryogenicloading,the4-wire biasnetwork will belocated
on the12K stageof thearraymotherboard,phantomfeedingthebiasto themixers.Eachmixerwill beindi-
vidually biasedundercomputercontrol.Thearray’scontrolelectronicsarebasedonaprovendesignusedin
many of Steward Observatory’s singleandmultipixel receivers.The currentdesignis basedon 4 channel
biascards,with analogmultiplexer cardsfeedinga PCdataacquisitioncard.This systemcouldbeusedfor
SuperCamin its currentconfiguration,but new cardscouldeasilybedesignedto takeadvantageof highden-
sity surface mount components, allowing 8-10 channels of bias per card.
The backend spectrometer
for thearraywill consistof
100, 128 MHz wide, 2-bit
correlator chips each with
128 lags.By restrictingthe
correlator to a single chip
per channel, platforming
problems are avoided. In
addition, the simplification
of the RF section of the
correlator creates a huge
cost savings over a hybrid
correlator design. The RF
section of the correlator
will be madeto utilize the
full IF bandwidthof Super-
Cam. The digital section
will be designedfor easy
upgrades,so future, wide
band correlator chips can
befittedwhenavailable.Thesecorrelatorchipscouldoffer up to 2.5GHzof bandwidthandwill beavailable
in the nearfuture. (Timoc 2002).Figure8 shows a schematicdiagramof the correlatordesign,which fits
into a single19” VME crate.Theresultingvelocity coverage(47 km/s)andresolution(0.87km/s) is more
thanadequatefor surveying mostGalacticstarforming regions.With upgradedcorrelatorchips,extragalac-
tic observations with bandwidths exceeding 900 km/s with 7 km/s resolution are possible.

Dueto its size,design,andlocation,theLBT is anidealinstrumentonwhich to testandoptimizetheperfor-
manceof SuperCam.On theLBT, SuperCamwill beoperatedprimarily duringtwilight anddaylighthours
whentheatmosphericopacitydropsbelow 0.05at 225GHz.Within theseconstraints,Mt. Grahamsitesta-
tisticssuggestthearraywill have~100hrs.of qualityobservingtimefrom Nov.-Feb(Wilson2002).Assum-
ing atypicalscanwill beanhourin length,this translatesinto ~10,000spectraperyear. OnceSuperCamhas
beenusedsuccessfullyon theLBT for at leasttwo years,we planto deploy it, or its clone,on theNasmyth

Figure 7: A schematic diagram of the Spaceborne Inc. 100 channel digital autocorrelator
with relavent specifications for the first generation system. 



focusof the1.7meterAntarcticSubmillimeterTelescopeandRemoteObservatory(AST/RO) locatedat the
SouthPole.From this site, SuperCamwill be able to collect over 200,000spectraper year (Stark2001).
Ultimately, SuperCAMwill beusedon thefutureSouthPole8 metertelescope,which will have anoptical
design very similar to the LBT (Stark 1998).
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